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Introduction
For years, scientists and clinicians believed that systole was the cornerstone mechanism of heart functioning. As a result, all treatments for heart failure (HF) were directed at treating systolic dysfunction. But the heart is actually in diastole two-thirds of the time. In the 1980s, the medical community began to recognize that some patients with a normal ejection fraction were experiencing signs and symptoms of heart failure. Scientists evaluated these patients and found that even though systolic function was adequate, diastolic function was suboptimal. At this time, diastolic dysfunction was deemed to be clinically significant [1] .
Today, patients with signs and symptoms of HF and diastolic dysfunction are diagnosed with heart failure with a normal ejection fraction (HFNEF), or diastolic HF. Perhaps as much as 50% of patients with heart failure have diastolic dysfunction and a normal ejection fraction [2] . Some data suggest that mortality rates among individuals with HFNEF are similar to those with HF and systolic dysfunction [3] . Bhatia, et al. found that among patients with heart failure, the one year mortality and hospitalization for HF didn't differ among those with an EF > 50% vs. EF < 40% [3] .
Interestingly, Owan, et al. observed that the prevalence of HF-NEF has increased over the last 15 years and the rate of death related to this entity hasn't decreased. This is in contrast to HF secondary to decreased EF, where a decrease in mortality over time was observed. This is likely related to evolving therapies for systolic heart failure, improved diagnosis and development of new therapies for HFNEF. Furthermore, even in the absence of clinical HF, diastolic dysfunction (DD) is associated with increased rates of future hospitalizations, development of HF and all-cause mortality [4] . http://scidoc.org/IJCRR.php lead to improved treatments and may have substantial health care implications. Moreover, reproducible, widely applicable and prognostically meaningful approaches to defining DD are important for clinical trials where the use of complex methods to assess diastolic function may be difficult to standardize and implement [5] .
In routine clinical practice Doppler echocardiography is the method of choice to diagnose DD. Numerous algorithms have been proposed, most based on transmitral Doppler patterns. However, transmitral Doppler derived indices of diastolic function are dependent on loading conditions and accurate measurements are operator dependent. Tissue Doppler imaging is a newer technique that can be used in combination with transmitral Doppler to determine the presence and severity of DD [5] .
However, this assessment of DD is more complex and requires expert interpretation. Many parameters have been shown to be associated with DD, including echocardiographic measurements, various clinical characteristics, increased left atrial (LA) volume and elevated levels of B-type natriuretic peptide (BNP) and N-terminal (NT)-pro BNP. Identifying simple clinical and/ or biochemical and/or echocardiographic measurements that can reliably identify the presence and severity of DD is particularly important for patients with HF-PLEF [6] .
Therefore, we aimed to determine the best set of clinical parameters, tissue Doppler echocardiography and N-terminal pro-BNP (NT pro BNP) that could accurately predict DD. If needed a simple set of such parameters could be shown to be strongly associated with DD on echocardiography, use of such parameters could circumvent the need for detailed, difficult and costly echocardiographic assessments (in situations where echo is not readily available) to determine the presence of prognostic important DD.
Aim
To study the correlation between plasma level of N-terminal pro-BNP (NT pro BNP) and left ventricular diastolic dysfunction as determined by tissue Doppler echocardiography in asymptomatic patients.
Methods
The study included 35 patients divided into two groups: • Patients with acute coronary syndrome.
• Uncontrolled hypertension.
They were submitted to:
1. History taking including history of diabetes mellitus, atrial fibrillation, coronary heart disease, hypertension and history of underlying medical treatment including (ACE inhibitors, Beta blocker, Aspirin, statins and diuretic). 2. Complete cardiovascular examination including heart rate, systolic and diastolic blood pressure and thorough cardiac examination.
Laboratory tests:
A blood sample was obtained for:
• Serum urea and creatinine level, glycosylated hemoglobin (Hb A1C) was estimated for diabetic patients. • Serum level of NT-ProBNP was estimated using Elecys pro-BNP sandwich immunoassay.
(NT-proBNP reference ranges were reported as < 125 pg/ml for individuals aged < 75 years and < 450 pg/ml for individuals aged ≥ 75 year).
Electrocardiography (ECG)
Resting 12 leads ECG was obtained at the time of examination.
Echocardiography:
a. Using GE vivid S5, the M-mode study of the LV was performed using the parasternal long axis view. The LV endsystolic dimension (LVDs) and end-diastolic (LVDd), interventricular septum thickness during diastole (IVSd) and systole (IVSs), posterior wall thickness (PWT) during diastole (LVPWd) and systole (LVPWs), ejection fraction (EF), Aortic root diameter (AOD) and Left atrial diameter (LAD) were measured. b. Using these measurements, the LV mass (LVM) according to the Devereux formula: LVM=1.05× [PWT+IVST+LVDd) 3-(LVDd) 3]-13.6 (Lang et al., 2005). The LVM index (LVMI) was calculated as the ratio between LVM and body surface area (normal values, 110 g/m 2 for women and 130 g/m 2 for men). The severity of LV hypertrophy (LVH) was assessed by LVMI. c. Pulsed-wave Doppler was done and the peak velocities of the E wave of the trans-mitral flow was estimated. d. Tissue Doppler echocardiography measurement:The apical four-chamber view was used to obtain the TDI of the mitral annulus. A sample volume of the pulsed-wave Doppler was positioned at the lateral side of the mitral annulus and then the lateral signal of the mitral annular velocity was recorded. The peak early mitral annular velocity (é) was measured and E/é was calculated as E divided by é.
Statistics
Using Microsoft Excel 2003 and SPSS v19.0 for Microsoft Windows 7 the clinical and laboratory data were statistically analyzed to obtain descriptive statistics (mean, Standard deviation, range) and Analytical studies: 
Result
This study included 35 patients divided into 2 groups: Control group which included 10 patients with normal systolic and diastolic function and Patients group which included 25 patients with normal systolic and asymptomatic diastolic function as documented by tissue Doppler echocardiography based on the value of (E/e` ≥ 8).
Both groups were of comparable age and gender; mean of age was (48.56) years in the control group vs (43.40) years in the patient group (P = 0.142) and as regard to gender, female percent was more in patient group while male percent was more in control group without significant difference (P = 0.225).
80% of the control group were hypertensive Vs 68% in the patient group (P = 0.225), diabetes mellitus was (20% Vs 36% P = 0.375), hyperlipidemia was (0 Vs 14, 16% P = 0.242). The mean value of BMI was (27.10) in control Vs (28.64) in the patient group (P = 0.412) and Ischemic heart disease was (0 Vs 3, 12% P = 0.351) Table 1 .
There was no statistically significant difference between 2 groups as regard to the systolic function EF% was 69.4+7.54 in the control group Vs 63.8+4.38 in the patient group (P = 0.019). Also no significant difference between two groups according to LVM (gm) and LVMI (g/m²). The mean value of LVM was (156.1+39.7 Vs 161.1+50.8, P = 0.963). The mean value of LVMI was (71.8+15.5 Vs 79.8+20.8, P = 0.885).
By Doppler echocardiography there was no difference in the E velocity between two groups the mean value of E velocity was (0.64 + 0.18m/sec) in the control group Vs (0.67 + 0.14) in the patient group (P = 0.302), but by tissue Doppler the difference was statistically significant, the mean value of e`velocity (m/sec) was (0.14 + 0.06 Vs 0.06 + 0.01P = 0.001). And also the difference of mean value of E/e` was significant (5.03 + 0.149 Vs 0.55 + 1.79 P = 0.001) Table 2 .
Comparison between Control Group and Patient group according to (serum NT pro BNP)
There was significant difference between two groups according to serum NT pro BNP. The mean value of serum NT pro BNP (ng/ ml) was (59.1) in the control group Vs (154.1) in patient group (P = 0.001) Table 3 . 
Correlation between serum NT pro BNP and demographic and echocardiographic criteria

Discussion
Heart failure is a growing worldwide epidemic and is associated with substantial morbidity and mortality. Left ventricular systolic function was often considered to be the main abnormality in heart failure. However up to 50% of patients with heart failure has a preserved left ventricular ejection fraction (HF-PLVEF), suggest- 
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Sensitivity http://scidoc.org/IJCRR.php ing that isolated diastolic dysfunction (DD) is the pathological mechanism underlying the clinical syndrome of heart failure in these patients [7] . B-type natriuretic peptide (BNP) is a neurohormone produced mainly by ventricular monocytes in response to increased enddiastolic pressure, or volume of the ventricles (Maeda K, et al. 1998 ). It produces diuresis, natriuresis, and vasodilatation which reduce the load on the heart. Patients with ventricular dysfunction tend to have high levels of plasma BNP; therefore BNP has been used as a diagnostic test for systolic dysfunction [8] .
Some studies have shown that patients with diastolic dysfunction had high levels of plasma BNP [9] .
Elevation of circulating natriuretic peptides is known to portend adverse outcomes in the setting of heart failure [9] . Communitybased studies have demonstrated that incremental elevations in B-type natriuretic peptide (BNP) even below current thresholds used to diagnose heart failure and are also associated with risk for incident heart failure in asymptomatic individuals [7] .
The physiology underlying this relationship between natriuretic peptides and the eventual development of heart failure in the general population remains unclear. However, it may be related to the cardio-protective effects of natriuretic peptides, such as vasodilation, natriuresis and diuresis, and inhibition of the reninangiotensin-aldosterone axis. In addition, it may be related to antihypertrophic and antifibrotic properties mediated by activity at the guanylyl cyclase type A receptor and signaling pathways such as calcineurin/nuclear factor of activated T cells (NFAT), the sodium-hydrogen exchanger 1 (NHE-1), and transforming growth factor beta (TGF-β) pathways [10] .
Elevated BNP in apparently healthy individuals may represent an aggregate marker of subclinical abnormalities in cardiac structure and function that can develop during the progression from risk factors to heart failure. Natriuretic peptides have been shown to be associated with left ventricular (LV) hypertrophy and cardiac functional abnormalities in individuals with chronic kidney disease without overt heart failure as well as LV systolic and diastolic dysfunction in coronary artery disease [11] . Furthermore, prior studies have shown that BNP is increased in the setting of symptomatic LV systolic dysfunction, defined as the presence of a reduced LV ejection fraction [12] . However, the overall prevalence of reduced ejection fraction in the community is low and the association between BNP and cardiac abnormalities in the setting of preserved ejection fraction is less clear [12] .
Conventional approaches to assessing cardiac dysfunction have limited sensitivity. However, the use of advanced methods for quantifying myocardial deformation may help to elucidate the relationship between BNP and LV function [13] .
Mitral annular motion detected on tissue Doppler imaging (TDI)
is considered a sign that the TDI correctly reflects the influence of myocardial relaxation on transmitral flows (Hillis, et al. 2004) . Some studies reported that the TDI-derived index, the ratio of early trans-mitral flow velocity to early mitral annular velocity (E/ É), correlates with LV filling pressure and pulmonary capillary wedge pressure (PCWP). An E/ É ratio < 8 is associated with normal filling pressures and a ratio > 15 is associated with in-creased filling pressures [14] .
Therefore, the purpose of our study was to evaluate the correlation between the plasma level of N-terminal pro-BNP (NT pro BNP) and the left ventricular diastolic dysfunction in asymptomatic patients as determined by tissue Doppler echocardiography.
We investigated 35 patients who were divided into two groups (control group and patient group), control group included 10 patients with normal systolic and diastolic function and patient group included 25 patients with normal systolic and asymptomatic diastolic dysfunction.
Both groups were of comparable age and gender, BMI and risk factors also in both groups the systolic function was preserved. By Doppler echocardiography there was no difference in the E velocity between two groups the mean value of E velocity was (0.64+0.18 m/sec) in the control group Vs (0.67+0.14) in the patient group (P = 0.302), but by tissue Doppler the difference was statistically significant, the mean value of e` velocity (m/sec) was (0.14+0.06 Vs 0.06+0.01 P = 0.001). And also the difference of mean value of E/e` was significant (5.03+0.149 Vs 0.55+1.79 P = 0.001).
The mean value of serum NT pro BNP (ng/ml) was (59.1) in the control group Vs (154.1) in patient group (P = 0.001). There was significant difference between two groups according to serum NT pro BNP.
There was significant correlation between serum NT pro BNP and Ev (P. value = 0.001) and E/e` (P = 0.001).
The sensitivity of serum NT Pro BNP in our study was 94.2, specificity was 88.1, positive predictive value was 90.6, negative predictive value was 28 and its accuracy was 86.2.
While previous studies of natriuretic peptides have focused on patients with a history of or concomitant symptoms consistent with heart failure [13] , our analysis extends these findings to individuals with subclinical disease, suggesting a possible role for natriuretic peptide levels in identifying the presence of subclinical cardiac dysfunction among individuals without history of heart failure.
Several possible biological mechanisms may be responsible for the observed relation between subclinical myocardial dysfunction and elevated natriuretic peptide levels. In particular, natriuretic peptides may be markers of the pathologic processes associated with hypertension, such as increased interstitial fibrosis and/or abnormalities in myocardial calcium homeostasis. Alternatively, BNP may be directly involved in underlying changes in cardiac mechanics [15] .
Imran et al. studied 313 asymptomatic patient with diastolic dysfunction and examined the associations of plasma N-terminal pro-B-type natriuretic peptide (NT-pro BNP) with both conventional and advanced echocardiographic measures of systolic and diastolic function and found that higher (NT-pro BNP) was associated with greater left ventricular mass index (P = 0.003), lateral É velocity (P < 0.001) and E/e` ratio (P < 0.001). Imran, et al. had also reported age related increase in BNP levels [16] .
The results of our study were in agreement with (Imran, et al., http://scidoc.org/IJCRR.php according to the correlation between plasma level of NT-pro BNP and E/e` ratio and that there was no correlation between left ventricular mass and NT pro BNP. But our results were not in agreement with Imran, et al., who showed that there is correlation between age and plasma level of NT-pro BNP. The possible reason of this disagreement was due to the difference in the range of age as our patients were younger than those included in that study [16] .
In our study, we found a positive correlation between E velocity and plasma level of NT-pro BNP which was not in agreement with (Imran, et al. 2013 ) who showed a positive correlation between É velocity and plasma level of NT-pro BNP.
Kasner, et al. who worked on 50 patients were included in crosssectional, case-controlled study and were divided into two groups. Group 1 included 30 hypertensive patients with asymptomatic diastolic dysfunction and group 2 included 20 patients who had normal diastolic flow patterns on echocardiography, conventional echo was done and blood samples were taken for serum BNP level from all patients. Karaca, et al. found that there was strong correlation between left ventricular mass index and plasma BNP levels (P < 0.05) and the sensitivity of BNP was 80%, its specificity was 100%, positive predictive value was 100%, negative predictive value was 23% and its accuracy was 88% in identifying asymptomatic prolonged relaxation pattern [17] .
The results of our study were not in agreement with Kasner, et al. as we found no correlation between plasma level of NT-pro BNP and left ventricular mass index (P. value = 0.682) [17] . and this result were not in agreement with Troughton who showed that increased natriuretic peptide levels in relation to abnormalities in left ventricular structures including alterations in LV dimensions, volumes, mass and mass index [12] . This was because the mean values of left ventricular mass and wall thickness in our sample were within normal ranges and individuals included in our study may represent patients at an earlier stage of cardiac dysfunction in the progression from underlying cause of diastolic dysfunction to heart failure.
Study limitations
Several limitations of this study deserve consideration. Patients in our study were generally young and of small number. The number of medications taken by study participants at time of entry into the study was not reported. Right ventricular systolic pressure was not measured due to inadequate tricuspid regurgitant jet velocity and Long-term clinical outcomes were not collected in our study precluding any analysis of the predictive value of NT-proBNP and/or myocardial function parameters in this sample. The extent to which elevated natriuretic peptides in this specific setting portends the eventual development of heart failure warrants further investigation.
Conclusion
Serum level of NT pro BNP can be used as innovative method in predicting asymptomatic diastolic dysfunction and so prevent the progression to symptomatic diastolic heart failure.
